< I 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER TME PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
4 January 2001 (04.01.2001) 




PCT 



(10) International Publication Number 

WO 01/01738 Al 



(51) International Patent Classification 7 : H05K 1/02, 7/20 

(21) International Application Number: PCT/SE00/01349 

(22) International Filing Date: 26 June 2000 (26.06.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

9902496-0 



30 June 1 999 (30.06. 1999) SE 



(71) Applicant: TELEFONAKTIEBOLAGET LM ERICS- 
SON (publ) [SE/SE]; S-162 25 Stockholm (SE). 

(72) Inventor: OLOFSSON, Lars-Anders; Stallbacken 4, 
S-175 43 Jarfalla (SE). 



(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC. LK, LR, LS, LT, LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, SL, TJ, TM, TR, TT, UA, UG, UZ, VN, 
YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ. MD, RU, TJ. TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BR BJ, CF, CG, 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

— Before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments. 



(74) Agent: ERICSSON MICROELECTRONICS AB; De- 
partment for Intellectual Property Rights, S- 164 81 Kista- 
Stockholm (SE). 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: A PRINTED CIRCUIT BOARD 




00 



(57) Abstract: The present invention relates to a method of providing thermal vias in a printed circuit board for conducting heat 
from surface mounted components through said board and away therefrom. One or more holes are formed in a board material that 
includes a metal layer on a top side and a bottom side thereof, to form said printed circuit board. Metal plugs are pressed into the 
holes and affixed therein so as to seal against an inner wall of said holes in said metal layers, by causing the plugs to expand radially 
in said holes. A conductor pattern that includes electrical connection sites is then provided on the board material, such as to obtain 
said printed circuit board. The invention also relates to a printed circuit board that includes vias arranged in accordance with the 
aforesaid method. 
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A PRINTED CIRCUIT BOARD 

FIELD OF INVENTION 

The present invention relates to a method of arranging thermal 
vias in a printed circuit board, and to a printed circuit board 
that includes thermal vias. 

BACKGROUND OF THE INVENTION 



When surface soldering power components, such as RF-power 
transistors for instance, it is necessary to improve thermal 
conduction in the board with the aid of thermal vias. This is 
because the actual board material, which is often a polymeric 
15 material, has very low thermal conductivity, about 0.5 W/m°C, 
whereas the metallic material has a thermal conductivity of 
about 400 W/m°C, which is a factor of 800 in this particular 
case . 

20 The thermal vias are at present formed by drilling a number of 
holes in the board material, on the surface on which the 
component body shall be soldered. The inner surfaces of these 
vias are coated with a thin metallic layer, normally a copper 
layer in the following stages of board manufacture. It is 

25 chiefly this thin copper layer that conducts heat through the 
board. 

One problem with present day thermal vias is that the solder 
that shall join the component body to the board penetrates down 
into the holes, therewith draining the soldering location of 
the solder required to effect the bond, and forms solder 
droplets on the opposite side of the board relative to the 
component body. The problem with these solder droplets is that 
they considerably impair the thermal contact between an 
35 underside of the board and a cooler, and it is therefore 
necessary to remove these droplets in one way or another. 
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SUMMARY OF THE INVENTION 

One object of the present invention is to at least reduce the 
aforesaid problem. 

According to a first aspect of the present invention this 
object is achieved with a printed circuit board according to 
Claim 1. 

One advantage afforded by the present invention is that the 
printed circuit boards have a considerably lower thermal 
resistance from an upper side to a lower side of said boards in 
comparison with boards that are manufactured in accordance with 
present day technology. 

Another advantage afforded by the present invention is that 
probing of the vias is simplified when they are fully closed. 

Another advantage afforded by the present invention is that 
power components can be surface mounted at the same time as all 
other components are surface mounted on the board, which 
considerably lowers costs in relation to traditional manual 
mounting processes . 

Still another advantage afforded by the present invention is 
that the cooler or chassi need not fulfil the high requirements 
of surface flatness, since components, such as RF-power 
transistors, can be surface soldered directly onto the printed 
circuit board. 

The invention will now be described in more detail with 
reference to exemplifying embodiments thereof and also with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 is a side view of a board for the manufacture of a 
printed circuit board. 

5 Figure 2 shows from above a board provided with holes and 
intended for the manufacture of a printed circuit board. 

Figure 3 is a side view of an inventive board into which 
thermal vias have been firmly pressed and which is intended for 
10 the manufacture of a printed circuit board. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Figure 1 is a side view of a board 1 intended for the 
15 manufacture of a printed circuit board. The board 1 includes 
board material 10 on which there has been disposed a metallized 
top and bottom surface 12 and 14 respectively. The metallized 
top and bottom sides form basis for the conductor pattern, i.e. 
the conductor pattern is etched from the electrically 
20 conductive top and bottom sides by methods which are well known 
to the person skilled in this art and which do not therefore 
need to be described in detail in this document. The board 
material is some suitable, commercially available material, 
such as FR4 or BT for instance. 
25 Figure 2 shows from above a board 1 that includes three holes 
20. The size and the shape of the holes 20 are adapted to 
accommodate metallic plugs that are to be pressed into the 
holes . 

30 Figure 3 is a side view of a printed circuit board 1 in which 
metallic plugs 30 have been pressed into said holes. The 
metallic plugs are pressed into the board material and 
compressed or upset axially, such as to cause the plugs to 
expand in a direction orthogonally to the longitudinal 

35 direction of respective holes 20. Expansion of the plugs 30 
causes the plugs to be urged outwards against an inner wall 
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surface of the metallic layer 12 and 14 on respective top and 
bottom sides of the board material 10. The plugs form thermal 
vias in the board 1 and also form a tight surface with the 
peripheral metallic layers 12 and 14. In order to improve the 
final result in the subsequent lithographic patterning of a 
conductor pattern and the following etching process, it may be 
necessary to smooth down the top and bottom sides of the board, 
so as to eliminate any differences in heights between the 
metallic layers 12 and 14 and the plug 30. 

The plugs 30 are preferably made of copper. Although the plug- 
receiving holes 20 in the board will preferably be circular in 
shape, they may, alternatively, be rectangular, triangular or 
elliptical in shape. The shape and size of respective plugs 30 
are adapted to the shape and size of respective holes 20 in the 
board. The holes will preferably contain no sharp corners. 

Thermal conductivity can be further improved by placing an 
additional copper layer on the bottom and/or the top side of 
the board prior to creating said conductor pattern. The 
presence of such an additional layer will ensure that chemicals 
do not penetrate into any possible cracks between the plug and 
the hole, in the following process stages. 

Although the board illustrated in the figures is a two-layer 
board, it will be understood that the present invention can 
also be applied to single-layer boards or boards that comprise 
more than two layers. In the case of boards that include more 
than two layers, the plugs will seal against an inner wall 
surface of the metallic layer 12 and 14 on respective top and 
bottom sides of the board material 10 and not against the 
metallic layer or layers within the board. 

It will be understood that the invention is not restricted to 
the af oredescribed and illustrated exemplifying embodiments 
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thereof and that modifications can be made within the scope of 
the following claims. 
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CLAIMS 

1. A method of arranging thermal vias in a printed circuit 
5 board for conducting heat from surface mounted components 

through said board and away therefrom, characterized by 
providing one or more holes on a top side and a bottom side of 
at least one board that includes a metallic layer, pressing 
metal plugs into said holes such as to fix and seal said plugs 
10 against an inner wall in said holes in said metal layers on the 
board by compressing or upsetting the metal plugs, and 
thereafter providing the board with a conductive pattern that 
includes electrical connection sites and therewith obtain a 
printed circuit board. 

15 

2. A method according to Claim 1, characterized by providing on 
said top and/or bottom surface of the board a metallic layer 
that lies on and adjacent to said metal plugs. 

20 3. A method according to Claim 1 or 2, ■ characterized by 
providing at least one conductive pattern layer between the 
metallic layers on the bottom and top sides of the board. 

4. A method according to Claim 1 or 2, characterized in that 
25 the holes provided in the board are circular in shape. 

5. A method according to Claim 1 or 2, characterized in that 
the holes provided in the board are rectangular in shape. 

30 6. A method according to any one of Claims 1-5, characterized 
in that the metal plugs are made of copper. 

7. A printed circuit board comprising board material (10), a 
conductor pattern, at least one electrical connection site, and 
35 one or more thermal vias for conducting heat from one or more 
surface mounted components through said board and away 
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therefrom, characterized in that the board includes one or more 
holes (20) into which metal plugs (30) are firmly pressed or 
firmly upset; in that a metal layer is provided around said 
plugs on a part of a top side and a bottom side of said board 
material (10), wherewith said metal plugs (30) seal against and 
are affixed by an inner wall in said metal layer on the top and 
the bottom side of said board material (10) as a result of 
expansion of the metal plugs (30) orthogonally to the 
longitudinal direction of respective holes (20) when 
compressing or upsetting the plugs therein, such as to form 
said thermal vias. 

8. A printed circuit board according to Claim 7, characterized 
in that at least one further conductor pattern layer is 
provided between said top and bottom sides of the board 
material (10) . 

9. A printed circuit board according to Claim 7 or 8, 
characterized in that the holes (20) in the board (10) are 
circular in shape. 

10. A printed circuit board according to Claim 7 or 8, 
characterized in that the holes (20) in the board (10) are 
rectangular in shape. 

11. A printed circuit board according to any one of Claims 7- 

10, characterized in that the metal plugs (30) are made of 
copper. 

30 12. A printed circuit board according to any one of Claims 7- 

11, characterized in that a metallic layer is provided on top 
of and adjacent to the plugs on the top side and/or bottom side 
of the board. 
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Fig. 1 



Fig. 2 
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Fig. 3 
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